The tissue culture-adapted P3 clone ofMOPC-2I BALB/c myeloma cells produce a C-type virus, designated as MO2t-MuMAV, that has many properties in common with the NB-tropic, C-type virus produced by a clone of the FLOPC-I line of BALB/c myeloma (FL1-MuMAV) and one property that is distinctly different. On the one hand, both particles are extremely unstable as shown by their buoyant densities when analysed under different conditions of isopycnic gradient centrifugation; the enzymic activity of the virus RNA-dependent DNA polymerase is similar; the two viruses are similar antigenically; both viruses have similar XC syncytium-inducing activity; the endogenous RNA of both viruses contains poly(A) tracts of a similar length; both are NB-tropic as they productively infected BALB/3T3 and NIH/3T 3 cells. However, the RNA of MO2t-MuMAV consists of more high tool. wt. (6o to 7oS) RNA species than does FL1-MuMAV RNA. In addition, MO2~-MuMAV does not infect normal rat kidney cells as efficiently as does FL1-MuMAV. The NB-tropism of MO2~-MuMAV does not appear to be due to a mixture of N-and B-tropic viruses on the basis of (a) the NB-tropism of the progeny virus produced by infected NIH/3T3 and BALB]3T3 cells; and (b) the dose-response relationship of MO2t-MuMAV infection of BALB/3T3 and NIH/3T3 cells. Thus, the data suggest that different BALB/c myelomas produce C-type viruses that are very similar, but not necessarily identical.
INTRODUCTION
reported that in tissue culture, certain murine myelomas produce an RNA-containing virus with antigenicity, morphology and size and base composition of the endogenous RNA similar to murine leukaemia virus (MuLV). Yaniv, Kleinman & Eylan (I976) recently showed that the ascites line of MOPC-315 BALB/c myeloma also produced a C-type virus that possessed biochemical properties common to murine retrovirus, including 60 to 7oS RNA and RNA-dependent DNA polymerase. Aoki & Takahashi (I972) have shown that cells of the ascitic lines of MOPC-7oA and MOPC-Io4E BALB/c myelomas possess the Gross (G) virus envelope antigen (GVEA), a unique virus envelope antigen distinct from GVEA called xVEA and the VEA of an uncharacterized virus. Because the C-type viruses produced by murine myelomas appeared to be antigenically METHODS 
Cells.
The FLOPC-r line of myeloma cells was adapted to growth in cell culture as previously described (Volkman & Krueger, 1973 b) . The P3 clone of the MOPC-2I myeloma line, obtained from P. Ralph (Sloan Kettering Inst.), was adapted to growth in cell culture as previously described (Horibata & Harris, I97o) . The P3 clone of MOPC-2I and the FLOPC-I cell lines were recloned in this laboratory by procedures described previously (Horibata & Harris, I97O) . Both myeloma lines were grown in Dulbecco's modified Eagle's medium containing 20 ~o heat-inactivated foetal calf serum (Reheis Chemical Co., Kankakee, Illinois) at 37 °C in a I5 % COz-85 % air environment. NRK cells, productively infected with Kirsten-MuLV (NRK-K-MuLV), were obtained from Wade Parks; JLS-V 9 cells productively infected with Rauscher-MuLV were obtained from Jack Gruber; NIH/3T3, BALB/3T3 and BALB/3T3, clone A31 cells were obtained from George Todaro; NRK and BALB x NIH F1 cells were obtained from John Stephenson; 3T3-FL cells were obtained from Robert Bassin (all of N.I.H., Bethesda, Md.). The rabbit corneal ceil line (SIRC) was obtained from the American Type Culture Collection, Rockville, Maryland. Ceils were grown in Dulbecco's modified Eagle's medium containing io% heat-inactivated foetal calf serum at 37 °C in a 5 % CO2-95 % air environment.
Isolation and purification of virus. Rapidly dividing cultures (4 to 8 x io 5 viable cells/m1) of the cloned MOPC-2I or FLOPC-r cells were centrifuged at Iooog to pellet the cells. The supernatant was decanted, centrifuged at Ioooog for I5 rain at 4 °C and this supernatant was centrifuged at 325ooog for 2 h at 4 °C. The pellet was resuspended in PBS (o'15 M-NaCI, o'oo73 M-Na2HPO~, o'oo27 M-KH~PO4, pH 7.z), layered over linear 1. IO to I"24 g/ml sucrose gradients in PBS and centrifuged for 3 h at 3z5ooog at 4 °C. The gradients were fractionated and the 1-16 g/ml gradient fractions were pooled, centrifuged at 2ooooog :for 1 h at 4 °C, and the pellets frozen at -7o °C until used. Virus was isolated and purified from the culture media of confluent monolayer cultures of NRK-K-MuLV cells as described above. Virus was also centrifuged on linear sucrose in PBS gradients at IOOOOOg for I6 h at 4 °C; linear sucrose in NET (o.1 M-NaC1, o.ooi M-EDTA, O.Ol M-tris-HC1, pH 7"4) gradients for 3 h at 325ooog or I6h at IOOOOOg; linear glycerol in PBS gradients for 3 h at 325ooog or 16 h at iooooog.
RNA-dependent DNA polymerase assay. The standard assay mixture to measure endogenous RNA-dependent DNA polymerase (RDDP) activity contained in IOO #1: 5o mMtris-HC1, pH 8.I ; 5 mM-dithiothreitol (DTT); I mM-MnC12; 5o mM-KC1; o.1% (v/v) Triton X-Ioo; o.I mM of dATP, dGTP and dCTP, 20/zM-dTTP, 2/zCi of thymidine-methyl-~H-5 -triphosphate (dTTP, 43 Ci/mmol, New England Nuclear Corp., Boston, Massachusetts); lO #g of virus protein as measured by the Lowry assay (Lowry et al. 1951 ) using bovine serum albumin as the standard.
The reaction mixture for RDDP stimulated by a synthetic template was the same as the endogenous assay less the dATP, dCTP and dGTP, but with IO #g of synthetic template and 13 mM-DTT. The synthetic templates, which were obtained from Collaborative Research, Inc., Waltham, Massachusetts, were poly r(A).
oligo d(T)l~ is, poly d(A)-oligo d(T)l~_lS, poly r(C). oligo d(G)~2_18, poly d(C)-oligo d(G)l~_~8, poly r(G). oligo d(C)~e_18, poly d(G). oligo d(C)12_ls, and poly r(U). oligo d(T)12_a8.
In both the endogenous and synthetic template reactions, virus samples were incubated with Triton X-loo and DTT at 25 °C for IO min prior to the addition of the other reaction components and incubation at 37 °C. The reactions were terminated by the addition of o'5 ml of o.1 M-sodium pyrophosphate, then 2oo/zg of yeast RNA were added and the mixture precipitated with o'5 ml of 25 % cold trichloracetic acid (TCA) at 4 °C for 3o min. The precipitate was collected on Gelman type A glass fibre filter pads, dried, placed in lO ml of TLA-toluene liquid scintillation fluid (Beckman Instruments, Fullerton, California) and counted to 1% error in a liquid scintillation counter. The data are expressed as the ct/min incorporated per lO #g of virus protein in a 3o rain incubation at 37 °C minus incorporation of similar samples from uninfected cultures.
Extraction, purification and analysis of RNA. RNA was extracted from gradient-purified C-type virus by the SDS-phenol technique as previously described (Volkman & Krueger, I973 a) . When a small amount of virus RNA was isolated, the MgHPO~-ethanol precipitation technique of Dessev & Grancharov (1973) was utilized instead of ethanol-NaC1 precipitation. High tool. wt. RNA (6o to 7oS) was purified by velocity gradient centrifugation as described by Yang & Wivel (I973) . Gradient fractions containing the 6o to 7oS or 35S RNA were pooled and the RNA concentrated by MgHPO,-or ethanol-NaC1 precipitation.
The resolubilized RNA was analysed by electrophoresis on acrylamide-agarose gels containing 2.o% acrylamide, o'o75% N,N'-methylenebisacrylamide, o'5% agarose and o-1% SDS. Gels were run at lO V/cm and 3 mA/gel for 9o to 135 rain in electrophoresis buffer containing 37mM-tris-HC1, pH8-1, 3omM-NaH2PO~ and 1 mM-EDTA. Slices (I mm) were cut and dissolved in 3o% H~O~ at 37 °C for 16 h before liquid scintillation counting.
The poly(A) content of virus RNA was analysed by chromatography on poly(U)- * C-type virus, isotopically labelled with 3H-uridine and 3H-adenine, centrifuged for the indicated times on linear (I'IO to 1'24 g/ml) sucrose in NET or glycerol in PBS gradients. Data are the density in g/ml of the major peaks of radioactivity.
binding buffer (0"I M-NaC1, o.ot M-tris, pH 7"5) and applied to a 2 ml column of poly(U)-Sepharose at 44 °C, the column was equilibrated at 44 °C for I5 rain and then lowered to 2o °C. The column was washed with 3 volumes of eluting buffer (o.or M-NaC1, o.oi u-tris, pH 7"5) and the temperature of the column was raised in 2 °C increments. At each temperature, the column was allowed to equilibrate for IO rain prior to washing with 4 volumes of eluting buffer. Radioactivity was measured in I ml samples of each fraction from each temperature elution. Poly(A) preparations of various chain lengths (Miles, Elkhart, Indiana) were chromatographed on and eluted from a poly(U)-Sepharose column to establish a standard curve. A plot of the log of the polymer length v. elution temperature was linear for poly(A) chains of 3I to I64 nucleotides and comparable to the data of Ihle et aL (I974) .
Assays for biological activity. The different indicator cell lines were infected with C-type virus as previously described (Krueger, I975) . Briefly, cultures that had been pre-treated with DEAE-dextran were incubated in cell-free, spent media from a MOPC-2I or NRK-KMuLV culture (grown in log phase for 48 h) for 3 h at 37 °C, washed with phosphatebuffered saline and then incubated in Dulbecco's modified Eagle's medium supplemented with lO% heated foetal calf serum at 37 °C in a 5% CQ-95% air environment for 7z h. Productive infection of the indicator cells was monitored by: (a) assay of the endogenous and template-stimulated RDDP activity in IOOOOO g pellets of I.I6 g/ml gradient fractions, as described above; (b) XC cell syncytium assay (Volkman & Krueger, 1973 a, b; Krueger, I975) .
RESULTS

Physical characterization of the particle
A major peak of radioactivity was observed at a density of 1.16 g/ml when the 10o0o0 g pellet from a culture of MOPC-2I cells, isotopically labelled with 5 #Ci/ml each of 3H-uridine and 3H-adenine, was centrifuged on a linear sucrose in PBS gradient for 3 h at 325ooog. The location of the RNA-containing structure at 1.16 g/ml is characteristic of the density of most C-type oncornaviruses. However, when the isotopically labelled IOOOOO g pellet was centrifuged on linear glycerol in PBS gradients for the same periods of time, the major peak of radioactivity was at either 1.16 g/m1 or 1.18 g]ml, depending upon the time of centrifugation (Table I) . When the pellet was centrifuged on linear sucrose in NET gradients for 16 h at I oo ooo g, multiple peaks of radioactivity were observed (Table I) . This variation in apparent buoyant density of the MO2~-MuMAV is very similar to that observed with the FL1-MuMAV (Table I ; Volkman & Krueger, I973a; Volkman, 1973) and different from that of K-MuLV or other known oncornaviruses (Table I ; Volkman, I973). It is not known why the density of the MuMAV particles increases with the time of centrifugation, but it is not due to the fact that the particles are not at equilibrium after the shorter centrifugation times. Rather, it reflects the instability of the particle due to either breakdown of the virus (i.e. loss of membrane) or the presence of more condensed structures. Preliminary analysis of the structural proteins of MO21-MuMAV by electrophoresis on ~2 ~o acrylamide-SDS gels revealed that it has major proteins with mol. wt. of 91 ooo, 73 ooo, 32 ooo, t 2 ooo and I o ooo and minimal levels of a p 15 (unpublished data). Thus, these virions may be composed of precursor-type peptides instead of their cleavage products, which could make them unstable. The reactivity of gradient-purified MO2~-MuMAV preparations with polyvalent antisera to MO21-MuMAV, FL~-MuMAV, K-MuLV and MuLV-MuSV in a quantitative microcomplement fixation assay described previously (Krueger & Miller, I974) , indicated that the MuMAVs were antigenically related and distinct from MuLV. Further, FLt-and MO21-MuMAV are similar in that they do not possess a significant level of MuLV-MuSV gs-~ (i.e. p3 o) antigen (Krueger, I975; unpublished data) .
RNA-dependent and DNA polymerase
MO21-MuMAV possess an RNA-dependent DNA polymerase (RDDP) that has many of the general characteristics common to the RDDP of retroviruses (Temin & Baltimore, ~972) and FL1-MuMAV (Kontor & Krueger, 1976) . The requirements for a maximum endogenous reaction included a divalent cation (either Mn ~+ or Mge+), a monovalent cation (Na + or K+), DTT, detergent treatment and all four deoxyribonucleoside triphosphates. Elimination of the dATP, dGTP, or dCTP, either singly or in combination, depressed polymerase activity indicating that the observed activity was not due to a terminal deoxynucleotidyl transferase. The activity was almost completely eliminated after incubation of disrupted virions with RNase but only partially inhibited by actinomycin D and DNase, results consistent for retrovirus polymerases (Temin & Baltimore, i972 an optimal concentration of Mn 2+ (I mM) as compared to a rather broad range of Mg 2+ (not shown). The Mn 2+ preference of the MO21-MuMAV DNA polymerase is characteristic of most retrovirus polymerases (Temin & Baltimore, i972 ) and the FL1-MuMAV polymerase. The preference for Mn 2+ rather than Mg ~+ also suggests that this enzyme is not a poly(dT) polymerase, which resembles a cellular enzyme associated with murine tissue culture cells in its preference for Mg 2+ compared to Mn ~+ as a divalent cation (Weissbach et al. I971 ; Fry & Weissbach, 1973) . Table z compares the activity of the MO~I-MuMAV, FL1-MuMAV, and K-MuLV DNA polymerases when a variety of synthetic RNA/DNA hybrids or DNA/DNA duplexes were utilized as template. The solubilized enzyme of detergent-treated MO~-MuMAV had greater activity with the synthetic RNA/DNA hybrid templates compared to the synthetic DNA/DNA duplex templates, and of these, poly r(A)-oligo d(T) and poly r(C). oligo d(G) templates stimulated the most activity over that observed in the endogenous reaction. However, MO2~-MuMAV DNA polymerase activity was similar to FL~-MuMAV polymerase in that it was stimulated approximately zo-to 3o-fold less than the K-MuLV RDDP. When the activities stimulated by the various templates were compared, the MO21-MuMAV RDDP, with two exceptions, resembled the FL~-MuMAV polymerase rather than the KMuLY polymerase in its ability to distinguish between the different templates. The two exceptions were the inability of the MOzl-MuMAV polymerase to utilize poly r(G). 
Virus RNA
RNA was isolated from gradient-purified MO~I-MuMAV particles labelled for I6 h with ~H-uridine plus aH-adenine and analysed by electrophoresis in acrylamide-agarose gels (Fig. I a) . The purified RNA possessed a major high mol. wt. species (65S) that migrated with the K-MuL¥ RNA marker as well as other species that migrated from 35 to I3S. In this regard, the RNA of MO21-MuMAV is very different from that of FL~-MuMAV (Fig. ~ b) and similar to the RNAs of the known retroviridae. After heating, the high mol. wt. species was lost, with the appearance of lower mol. wt. structures of approximately 35S, 28S and I8S. MO2~-MuMAV RNA was sensitive to RNase and hydrolysis by KOH, but was not altered by pronase digestion (not shown). The difference between the different molecular species in FL1-and MO2~-MuMAV RNAs was not due to the extraction procedure that was used because similar electrophoretic profiles were observed for virus RNAs isolated by a different extraction procedure. Both FL1-and MQ1-MuMAV RNA preparations were not significantly contaminated by cellular RNA species as shown by molecular hybridization experiments utilizing either 3H-cDNA or SH-virus RNA (our unpublished observations).
Endogenous MQ1-MuMAV RNA contains stretches of poly(A) as shown by its ability to bind to and be eluted from a poly(U)-Sepharose column. When the bound MO2r MuMAV RNA was eluted from the poly(U)-Sepharose column using increasing temperature and a buffer of o.or M-NaCl-o.oI M-tris (pH 7"5), three peaks were observed (Fig. 2) . Approximately 24 % of the bound RNA eluted at 2o and 22 °C, 25 % eluted between 18 and 34 °C and 39 % eluted between 4o and 5o °C. Two of the elution peaks, which were similar to those obtained with FL~-MuMAV RNA but different from those obtained with K-MuLV RNA, correspond to those of RNA with poly(A) stretches of approximately 9o and 2oo nucleotides in length, respectively.
Biological properties
The ability of MOPC-zI cells or MO~I-MuMAV to demonstrate activity in the XC cell syncytium-forming assay was assessed to determine whether it was a leukaemia-or sarcomalike virus. The data in Table 3 indicate that gradient-purified MO~I-MuMAV and MOPC-2I cells possessed syncytium-inducing activity comparable to FLrMuMAV and FLOPC-I cells. The MuMAYs and myeloma cells had significantly lower syncytium-inducing activity than K-MuLV or NRK cells producing K-MuLV. Further, the syncytia induced by MO21-MuMAV were similar to those induced by FLrMuMAV in that syncytium formation was completed by 24 h after mixing C-type virus and XC cells; neither the size of the syncytia (i.e. number of nuclei per cell) nor their number increased after the initial 24 h period of incubation (Volkman & Krueger, I973b) . While this activity is in marked contrast to K-MuLV-induced syncytia, which progressively increased in size and number with continued incubation, it indicates that this MuMAV is a leukaemia-like murine C-type virus.
The ability of MO2rMuMAV to productively infect certain murine or non-murine cells was assessed both by measuring RDDP in concentrated samples from infected cultures and by the XC-syncytial (plaque) assay. As shown in Table 4 , MO21-MuMAV is NB-tropic because it was able to productively infect BALB/3T3 and NIH/3T3 cells. It was also able to infect 3T3-FL, BALB x NIH F1 and NRK cells, but not SIRC cells. This host range is similar to that of FL1-MuMAV, which is also NB-tropic. However, the relative ability of the two viruses to infect these indicator cells is different, particularly their activity in NRK cells. The activity of Kirsten and Rauscher MuLVs are shown for comparison.
As reported previously (Hartley, Rowe & Huebner, I97o), B-v. N-tropism is relative and not absolute because a high multiplicity of infection overcomes the Fv-I gene effect upon N-and B-tropic viruses. NIH/3T3 and BALB/3T3 cells were infected with MO2~-MuMAV at different multiplicities of infection (Table 5) Table 5 can be used to determine the dose-response relationship for MO2rMuMAV in these two cells. Thus, the titration pattern is one-hit for both BALB/3T3 and NIH/3T3 cells, suggesting that the ability of MO21-MuMAV to infect NIH/3T3 cells was not due to the fact that Fv-I~,{" gene restriction was overcome by a high multiplicity of infection (Pincus, Hartley & Rowe, I975) . These data suggest, but do not prove conclusively, that MO~I-MuMAV is a virus with dual tropism. In addition, the progeny virus produced by MO~l-MuMAV-infected BALB/3T3 or NIH/3T3 cells were also able to productively infect the same indicator cells as MO2~-MuMAV and therefore were NB-tropic. Lastly, because MO21-MuMAV is produced by a cloned cell line it is unlikely that a single cell and its descendants would produce two distinct MuLV-like virions.
DISCUSSION
The clone of MOPC-2I tissue culture adapted myeloma cells is a bona fide clone as defined by its ability to produce a chemically homogeneous immunoglobulin. This cell population produces a virus with the properties of a C-type virus: ultrastructural morphology (not shown), a buoyant density of I.I6 g/ml, endogenous RDDP and endogenous high tool. wt. RNA. This C-type virus has more properties in common with the C-type virus produced by the FLOPC-I clone of BALB/c myeloma cells than it does with K-MuLV. The common properties of the myeloma viruses include: unstable or fragile particles; antigenic relatedness; enzymic activity of the RDDP with synthetic templates; the amount and size of the poly(A) tracts in the endogenous virus RNA; NB-tropism. Further, preliminary studies on the number, nature and mol. wt. of the major envelope and nucleocapsid proteins of these two viruses have indicated that they are identical (D. Spriggs, P. Anderson and R. Krueger, unpublished data). One of the differences between FL 1-and MO~I-MuMAV is the presence of easily demonstrable high mol. wt. (60 to 7oS) RNA in the latter virion. Why these two virions possess RNAs of apparently different molecular or subunit structure remains to be determined. In addition, these two viruses are different in their ability to infect NRK cells. Molecular hybridization experiments, using labelled cDNA produced in the endogenous RDDP reaction, are under way to determine if the two MuMAVs are genetically related.
The C-type virus produced by BALB/c myeloma cells is antigenically distinct from Gross MuLV in terms of the virus envelope antigen (VEA), as shown by Aoki and co-workers (Aoki & Takahashi, I972; Aoki et al. I973) . In addition, these viruses have very low levels (i.e. 1%) of the K-MuLV p3o antigen (Krueger, ~975) . Thus, these C-type viruses have been designated as a separate class ofmurine viruses (Aoki & Todaro, I973) and called MuMAV. MuMAV has been shown to be antigenically related to, and possibly identical to, the endogenous BALB/c C-type viruses (Aoki & Todaro, I973) . In terms of their biological activity, however, both FL1-and MO21-MuMAV are somewhat different from the two endogenous BALB/c viruses described by Aaronson and co-workers (Aaronson, Todaro & Scolnick, I97I; Aaronson & Stephenson, t973) . For example BALB virus I is N-tropic and replicates poorly in NRK cells whereas BALB virus 2 is not detectably infectious for mouse ceils, but replicates better in cells of several other species. FL1-MuMAV is NB-tropic and replicates very well in NRK cells whereas MO2t-MuMAV is NB-tropic but does not replicate as well in NRK cells. Thus, if these two MuMAV are representative of endogenous BALB/c viruses, then they must represent a recombinant virus.
• Whether MuMAV is an oncogenic virus or merely a 'passenger' virus has not been proven conclusively. For example, these viruses are biologically inert in an in vivo system. That is, they have never induced the formation of any tumour much less a myeloma when inoculated into neonatal mice. Further, when cells are infected in vitro with either of these two MuMAVs they do not remain productively infected for more than two cell passages (Krueger, I975) . Thus, the role and their relationship of these viruses to other murine retroviruses remains to be determined.
